Allelic and genotypic frequencies were studied in four adult age groups of the common house fly. Electrophoresis was used to monitor allele frequencies at the Adh locus and three Amy loci at six farms on ten sampling dates from January to November 1983. No departures from random mating were noted. No differences in allele frequencies were found among sexes or age groups. Alleles at all loci showed seasonal trends. Frequency changes at Adh and Amyloci were large and occurred in parallel among all farms. Changes in the Amy+ loci were small. At each locus, gene frequencies were statistically significantly different among farms, but differences were slight and not suggestive of strong local adaptation.
colonies establish outdoor populations. In early spring, outdoor subpopulations consist predominantly of older, parous (i.e., having matured and laid at least one egg batch) adults that have clearly bred indoors. Populations increase rapidly in early summer, and continuous oscillations in age structure of adult populations occur during the breeding season; stable age distributions are not detected (Krafsur, 1985) . A first study on breeding structure was carried out in 1982 (Black and Krafsur, 1986b) . We monitored spatial and temporal distributions of allelic and genotypic frequencies at six loci in the youngest age classes of adult female house flies. Allele frequencies changed significantly through time. Breeding structure changed seasonally in a manner suggesting midsummer convergence of subpopulations followed by a gradual divergence. The divergence of gene frequencies at farms began in mid-August when subpopulations were large and panmictic. Adult house flies are highly mobile (Bishopp, 1921) , eliminating drift as an explanation of divergence. Strong local adaptation seemed a likely hypothesis.
A second study was conducted in 1983 to monitor seasonal differentiation in four age groups and both sexes of the house fly. Flies were sampled from January until November at six farms. Allele frequencies were recorded by age group to determine if the breeding structure observed among young adults in 1982 was repeated and if the same pattern appeared among older flies. A hypothesis of local adaptation among adult flies would be consistent with heterogeneity among all age groups. Alternatively, homogeneous gene frequencies among older flies and heterogeneous frequencies among the young flies would support a hypothesis of larval adaptation.
at each farm. Rations fed to the animals differed among farms, raising the possibility of local adaptation. Flies were collected in winter from two heated buildings 30 m apart at the swine farrowing facility.
Flies were collected on 10 sampling occasions from late January until mid-November. Collections were made indoors in January, April and November. On each occasion, adults were placed in cages, returned alive to the laboratory, frozen and stored at -70°C.
(ii) Age-grading
METHODS (i) Fly collections
Adult house flies were collected with sweep nets from a beef farm, a swine farrowing facility, a dairy farm, and two pork confinement units ( fig.  1 ). House fly larvae matured in the dung, spilled feed, and other organic material readily available Gonotrophic age in females was determined by examining the degree of ovarian development and the presence or absence of follicular relics. Age in males was determined by the presence or absence of pupal fat body. Four female and two male age groups were recognised.
Females of the youngest age class were recognised by the absence of yolk in their follicles. These females were zero to three days old at 21°C and termed "previtellogenic nullipars". The next oldest group consisted of females in which yolk occupied up to 66 per cent of the developing egg and whose ovaries showed no sign of an earlier oviposition. These females were Ca. three to five days old and termed "vitellogenic nullipars". Ovarioles in the third age group exhibited signs of previous ovipositions. These "parous" females were at least six days old. The fourth age group were females in which yolk occupied 66 to 100 per cent of the developing egg. Follicle elongation prevented detection of previous ovipositions so that parity could not be accurately determined. These females were at least five days old.
(iii) Electrophoretic procedures A random sample of Ca. 100 flies was taken from each collection. They were sexed, age-graded, transferred immediately to grinding buffer, homogenised and frozen at -70°C awaiting electrophoresis. Electrophoretic procedures were as described (Black and Krafsur 1984; 1985a (iv) Analysis of data "Genestats" (Black and Krafsur, 1985b ) was used to calculate allele frequencies and perform contingency chi-square tests (Workman and Niswander, 1970) . Chi-square tests for departures from random mating and F-statistics were calculated following the methods of Weir and Cockerham (1985) . "Linkdis" (Black and Krafsur, 1985c ) was used to calculate linkage disequilibrium coefficients and check for significance. Wright's (1978) hierarchical analysis of breeding structure for a subdivided population was used to identify sources of spatial differentiation in gene frequencies. In the analysis, sampling units are grouped into subpopulations according to their relative distances from one another. Farms (F) were the sampling units. They were grouped into subpopulations (S), which formed the total population (T). The northern pork farm and the beef nutrition farm were treated as separate subpopulations, the swine farrowing facility and the dairy farm constituted a third subpopulation and the southern pork and sheep farms formed a fourth. Correlation coefficients between allele frequencies were converted to a normalised scale with
Fisher's z-transformation. Chi-square tests for the homogeneity of z-values were computed following the procedure in Sokal and Rohlf (1969) . A mean z-value of all possible correlations was calculated and back-transformed to estimate a common correlation.
RESULTS (i) Temporal and spatial variation in age structure
The proportions of previtellogenic and parous flies are listed by sampling dates ( Tests for seasonal homogeneity in PPV and PP: (Krafsur, 1985) . The heterogeneity in PP early in the season can probably be attributed to inadequate sampling frequency.
The greatest PPV were consistently found at the sheep farm and the northern pork farm. The smallest PPV were consistently noted at the beef operation. At the sheep and pork farms, flies were swept from walls adjacent to spilled feed, manure, and moist straw in which larvae develop. At the beef farm, flies were collected indoors where there was no immediately local breeding. The proportions of previtellogenic females were directly related to the proximity of collections to larval breeding sites. These results are consistent with earlier observations in 1982 (Black and Krafsur, 1986b ).
(ii) Allele frequencies between sexes and among age groups Chi-square tests of homogeneity in allele frequencies between sexes were performed for each farm and sampling date. Of 179 tests, 12 (6.7 per cent) were significant at the 5 per cent level. This was consistent with expectations for a type I error.
Significant values were evenly distributed among farms, loci, and dates.
Tests of homogeneity between sexes of the same age were performed to remove possible confounding age effects. The proportion of significant tests (8/180 = 0.044) was consistent with expectation. No real differences in allele frequencies between sexes were detected. Therefore, gene frequencies of teneral males were combined with those of teneral and nulliparous females. These are henceforward referred to as "young" flies.
Allele frequencies in young and parous adults were examined by farm and sampling dates. Of 162 chi-square tests, only 55 per cent were statistically significant, and these were independently distributed among farms, dates, and loci.
(iii) Genotypic frequencies The goodness of fit of observed genotypic frequencies to those expected under random mating was tested. Eighteen of 184 (9.8 per cent) tests were significant. This was more than the 5 per cent expected for a type I error (2=886 [1 d.f.], P= 0.003). Significant departures from expectation were independently distributed among loci, dates, and farms. Sixteen of the significant deviations from Hardy-Weinberg expectations involved heterozygote deficiencies. This suggested the hypothesis that the deviations resulted from slight differences among age groups and sexes according to Wahlund's principle (Hartl, 1980) . Therefore, random mating was tested in age groups. The number of significant tests decreased to nine of 184 (4.9 per cent) in "young" flies and to 10 of 155 (6.5 per cent) among parous females. When random mating was examined by sex, 49 per cent of tests were significant in males and 65 per cent in females. These statistical results show that slight differences in allele frequencies in age and sex created the excess of homozygotes.
(iv) Temporal trends in allele frequencies
The frequencies and standard errors of the most common alleles are set forth in fig. 3) and "young" flies (fig. 4) . Gene frequencies were heterogeneous among farms in May ( fig. 2) . Heterogeneity rapidly declined in June, frequencies became homogeneous in July and remained so until November. FS contributed most to FF-r in spring, showing that most of the differentiation among farms was due to drift. FFS declined rapidly in spring, reached zero by 20 June, and remained small during the rest of the season.
Seasonal trends in F in flies of all ages were correlated with trends in F in parous flies ( fig.   3 ). This suggests that breeding structure of parous adults was similar to the breeding structure of the general adult population. Furthermore, excluding November, F and FFS were congruent among all adults ( fig. 2 ) and parous adults ( fig. 3) .
Seasonal trends in FF-r in parous and "young" adults ( fig. 4) were independent, and this F statistic varied erratically among the youngest age group. In May and June, FF-f and FFS were independent among "young" flies. From August through November, FFS increased with F-indicating that much of the variation in allele frequencies among all farms was contributed by variation among adjacent farms. Local adaptation is an attractive possibility for this differentiation. and a large proportion of this variation was accounted for by drift. Seasonal trends in breeding structure among "young" flies were similar in 1982 and 1983. In each year, young flies at farms became differentiated in August when populations were panmictic. This establishes the hypothesis that the differentiation resulted from larval adaptation to local conditions. Heterogeneity was detected because the frequency of migration in the youngest adult age group was trivial. Allele frequencies in young flies therefore reflected the habitat in which they matured.
• FFT Founding populations are sufficiently large to prevent inbreeding or immediate genetic drift. Allele frequencies at farms gradually drift from frequencies in founding colonies so that, by spring, flies at adjacent farms are differentiated. Populations exponentially increase in June, and differentiation declines rapidly. Flies become detectably panmictic in July and remain so until October or November, when they again drift apart. The differentiation at farms observed among young adults reflects larval adaptation to the different resources. House fly females become inseminated early, at about the time vitellogenesis begins, and their most likely mates are young, locally reared males (Krafsur et a!., 1985) . The first oviposition, moreover, is also likely to take place locally as is shown by the genetic structure of the age graded samples. But the resulting population differentiation is dissipated by immigration of parous adults and the occassional mating of a local female by an immigrant male.
0FFS
Temporal fluctuations in the frequencies of Adh (van Delden, 1982) and Amy (Doane, 1980) genes are well documented in Drosophila species. Kinetic differences have been reported among allozymes at both loci and allele frequencies have been correlated with a variety of environmental factors.
Among house fly larvae, Adh may be an important detoxifying enzyme because they breed in fermenting substrates. The house fly may prove to be a valuable species for research on the adaptive significance of amylase polymorphisms. Only a single amylase locus is known in Drosophila, but we have identified six amylase loci in the house fly, one of which is very active and transcribed only in larvae. Studies on the kinetics of amylase allozymes might answer interesting questions raised in the current study. Why is there a larval amylase? Why does selection seem to act on Amy-and not the other Amy loci? The house fly is easily studied in the field or laboratory and thus presents many new opportunities for population geneticists interested in the evolutionary consequences of breeding structure and the functional significance of enzyme polymorphisms.
